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1

cordingly, it is within the scope of our invention

This application is made under the act of
March 3, 1883, as amended by the act of April 30,
1928, and the invention herein described, if pat

to use not only phenylacetic acid, but also chemi

cal compounds which yield phenylacetate ion
upon dissociation, hydrolysis, or ionization in

ented, may be manufactured and used by or for
the Government of the United States of America

aqueous media.

-

We have observed that phenylacetic acid and
its salts and esters are toxic to young cultures and
that this toxicity is greater whenv the nutrient
medium is at low pH levels than when it is at

for governmental purposes without the payment
to us of any royalty thereon.
This invention relates to a new and useful

method for producing penicillin by the cultiva
tion of molds, whereby the yield of penicillin is 10 high pH levels. Thus, phenylacetic acid, its salts,
and its esters in concentrations ranging from
substantially increased above that previously ob
0.005 to 0.5 gram per 100 ml. of nutrient media
tained.
‘markedly retard the development of penicillin
Although the production of penicillin is now a
producing molds when these compounds are
commercial enterprise, the yield of this valuable
added to nutrient media‘ of pH 4.0 to 4.5 at the
antibiotic material per unit volume of employed
time
the inoculation is made. However, if such
medium is very low, despite attempts to improve
quantities of phenylacetic “acid, its salts, or its
the yield by making numerous variations in the
esters are added to one- or two-day-old cultures
usual constituents of the nutrient medium and
in which the mold growth has become estab
in the operating conditions. Accordingly, any
means by which substantial ‘increases in yield 20 lished, little or‘ no inhibition or toxicity is ob
served. Likewise, if the pH of the nutrient me
can be obtained are of great practical signi?cance.
dium is adjusted by means known to the art,
We have found that striking increases in peni
such as by use'of any of the common alkaline
cillin production are obtained when phenylacetic
agents (hydroxides or carbonates of the alkaline
acid or potential sources of phenylacetate ion,
such as salts of phenylacetic acid or esters of 25 or alkaline-earth metals) to within the range
pH 4.6 to pH 8.0 before addition of the phenyl
phenylacetic acid, are incorporated in the aque

acetic acid, its salts, or its esters, little or no tox
icity or inhibition is observed, even though the
addition of the latter compounds may be made

ous nutrient medium used for the cultivation of

penicillin-producing molds.

These compounds

are effective at levels ranging from 0.005 to 0.5
30 at the time of inoculation.‘
'_
'
gram per 100 ml. of nutrient medium; however,
We have observed that although phenylacetic
we have observed that concentrations within the
acid, its salts, and its esters inhibit mold growth
range of 0.02 to 0.20 gram per 100 ml. are espe
in freshly inoculated nutrient media possessing
cially effective, The use of quantities of phenyl
a pH of less than 4.6, cultures made on media so
acetic acid or its salts or esters in excess of 0.20
treated are usually able to initiate growth after
35
gram per 100 ml. does not result in proportion
a few days, and eventually will show pencillin
ately increased yields of penicillin, and, accord

yields of higher values than untreated cultures,
thus re?ecting the ef?cacy of ,the added phenyl~

ingly, we prefer to use concentrations of these
compounds within the range 0.02 to 0.20 gram per
100 ml. of nutrient medium.

I

The results attained by the method of our_in
vention can be realized by adding to the aque
ous nutrient medium phenylacetic acid as the
free acid, as any of its numerous common salts,

such as sodium phenylacetate, potassium phenyl
acetate, ammonium phenylacetate, calcium phen

ylacetate, magnesium phenylacetate, strontium
phenylacetate, iron phenylacetate, zinc phenyl
acetate, or manganese phenylacetate, or as any

of its numerous esters, such as methyl phenyl

acetate, ethyl ph'enylacetate, propyl phenylace
tate, butyl phenylacetate, or amyl phenylacetate.
The activity of the salts and esters is due to their
ionization or hydrolysis, respectively, in the aque

ous nutrient media, to yield phenylacetate ion
as one of the products of such dissociation. Ac

acetic acid or its derivatives.
40

Accordingly, al

though we prefer to add these compounds under
conditions which are designed to ‘avoid inhibition

of the fungus growth or its metabolism, our in
vention is not limited with respect to these con
ditions.
It is to be noted, therefore, that although some
45

bene?t will be derived from adding phenylacetic
acid, or its salts, or its esters, to cultures without
particular regard to age of the culture or to the

hydrogen-ion concentration prevailing in the
50 medium, the most satisfactory results will be

obtained if one of the following conditions is ad
hered to:
(a) Incorporation of phenylacetic acid or its
salts or its esters in the nutrient medium prior

to inoculation, the pH then being adjusted to
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within. the range 4.6 to 8.0 before the lnoculum is
added.

-

,

(b) Addition of phenylacetic acid or its salts
or its esters to cultures in which the mold growth
has become well developed.
(é) Addition of phenylacetic acid or its salts '

or its esters to ‘cultures in such a stage of devel
opment that the metabolic processes 0! the mold
have established in the medium a pH within the
range 4.6 to 8.0.

.

We have found Dhenylacetic acid, its salts. and
its esters to be effective in increasing pencillin
yields in both surface and submerged fermenta
v'tlonprocesses, that is, those processes in which
the penicillin-producing organisms, such as
Penieillium notatum, Penicillfum cwrvsogenum, or
Asperyillus ?aws, are cultivated as mycelial pads

oi Penicillium notatum, phenylacetic acid was
added to/some of the ?asks at the rate of 0.04 and
0.08 gram per 100 ml. Control ?asks, containing
the above adjusted basic mediumv but omitting
phenyl'acetic acid, were also included in the test.
The ?asks were then incubated at 24° 0., and
surface pellicles of P. notatum developed. The
following assay values on the medium were ob

tained. by the cup-plate method described by '
10 Schmidt and Meyer (J. Best. 4''! : 199-210 (1944) ) .

‘on the surface of a nutrient medium, and those
processes in which such molds are forced to grow

.

.

Agooicultnradsys

Penicillin Yield iOziord units
per in .)

345678
Basic medium only ............ ._ - 37

Basic medium+l.0i% phenyla

cetie acid ...... _--.-‘._--:;"'_'_ ____ .-

Basic medium-+0.08% phenyla

63

88

114

131

130

136

123

162

189

180

l95

submerged in the medium through the applica 20 cotic acid.-.‘ .................. .- 47 125 169 189 210 250
tion of agitation and ‘aeration. Methods and,
The favorable action of phenylacetic acid in
media which can be used to produce penicillin in
increasing the penicillin yield is evident from
both surface and submerged cultures are described
these data.
I
in co-pending applications for U. S. patent, ap
plication Serial Nos. 580,233 and 530,234, filed 25
Example II
\
April 8, 19.44.

'

-

.

'

A medium similar to that given in Emmple I
was employed for the development of surface cul
tures of Penicillium chrysogenum. However, no
tures grown on the lactose-steep liquor medium
described in U. S. patent application, Serial No. 30 pH adjustment was made at the time of inocula
Phenylacetlc acid, its salts, and its esters cause
an increase in penicillin production in mold cul

tion, and phenylacetic acid was not added until

530,23_4,'?.led April 8, 1944; however, the use of
this acid and its derivatives according to the
method of our invention does not require the .

the second day, by which time the mold mycelium
had become well established and the pH of the

medium had risen from an original value of 4.4
above-medium, but may be applied to other media.
which are utilized ‘for penicillin manufacture. 35 to a value of 5.6. I The penicillin yields shown
by assays made daily on the fourth through the
For example, a sucrose-steep liquor medium, a
molasses-steep liquor medium, or ‘a Czapek-Dox
seventh days are shown in the following table:
synthetic medium may be used. -Also, cultures
grown on solid media, such as bran, may be ad
Penicillin Yield
vantageously treated with phenylacetic acid and 40
(Oxford units per
ml.)
Ago
0!
culture,
days
its salts and its esters, accordingto the method
,of our invention.

11567

The manner in which phenylacetic acidswits

salts, or its esters are added to the nutrient me
medium on] __. ........... _-\ ....... __
75
112 100
69
dium is not critical. When these compounds are 45 Basic
Basic medium+0.&% phenylacetlc acid ____ _. 106 193 194
185
to be present during the entire fermentation pe
riod, they‘maybe incorporated in the medium
before its ‘sterilization. When they are to be
~> \ The favorable action of phenylacetic acid in
added to cultures in which the mold growth has
increasing the penicillin yield is evident from
50

already become established, they may be added

these data.

as solids or liquids. or as solutions in water or
organic solvents.

_

'

Example I]!

J

‘ As illustrative ‘of the method of practising our

Submerged cultures of P. notatum were estab
invention, the following examples are given, 0.1-” lished by growing the organism in 300 ml. Erlen
though the detailsof operation herein set‘? forth 55 meyer ?asks, each containing 125 ml. of medium.
are ~to lie-considered in no way restrictive.
The cultures were shaken continuously at 24° C. '
on a Ross-Kershaw shaking machine, which im
Example I
parted to the medium a rotary motion in a hori
g

.

.

.3:

zontal plane. The medium had the composition:

The following medium was prepared. and 50 ml. ‘

were distributed in 200 ml. Erlenmeyer

flasks.
Grams per 100 ml.
Lactose

MgSOr'IIhO ___________ _-.\.. __________ __ 0.025

We
NaNOa
ZhBOr'lHzO

__-_

0.050
____ 0.30

The medium was adjusted from an original pH

value of approximately 4.2 'to'a pH value of 5.8,
by the addition of potassium hydroxide, and was
then sterilized by steaming, in the conventional
manner. At the time of inoculation with spores

40.0

MESO4'7H2O ________________ __grams__

0.125

0.250

65 NaNO;
do_____
Zinc (as zinc sulfate) __________ __do_..__

0.005

Distilled water to make. ________ __llters-_

1.0

1.50

Inoculation was made with a suspension of

___________ s. ____________ -_ 0.004

v Tap water ______________________ -_ To volume

27.5

Concentrated corn steeping liquor___ml__
KHnPOi ___________________ __‘..__do____

____ 4.0

steeping liquor__.-_-.._-_-._____--___ 8.0,

Lactose _____________________ __grams__

70

germinated spores. The original pH was 4.2; one
day after inoculation the pH had risen to 5.6, and
at Ithis time phenylacetic acid was added to some
cultures at the rate of 0.08 gram per 100 ml. of
medium; other cultures were allowed to develop
without treatment.

The penicillin yields obtained from the treated

2,423,873
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5
‘and untreated cultures on subsequent days are
shown in the following table.

- dium from 0.005 to 0.50 gram of a member se

Penicillin Yields (Oxford
units per ml.)

5

Age of culture, days
'

2

a

4

_5

,

pH of the medium attains a value between pH
4.6 and 8.0, thence adding to the nutrient me

6

lected from the group consisting of phenylacetic
acid, salts of phenylacetic acid, and esters of
.phenylacetic acid per 100 m1. of nutrient medium.
4. A method for the production of penicillin
comprising preparing an aqueous nutrient me

dium, adjusting the nutrient medium to a pH
lying
within the range 4.6 to 8.0, inoculating the
10
acid ________________________________ _. 12
33
85 113
141
nutrient medium with a. penicillin-producing
mold and adding to the nutrient medium from
The effectiveness of phenylacetio acid in in
0.005 to 0.50 gram of a member selected from the
creasing the penicillin yields in submerged mold
group consisting of phenylacetic acid, salts of
cultures is thus evident.
phenylacetic acid, and esters of phenylacetic acid
15
Having thus described our invention, we claim:
per 100 ml. of nutrient medium.
1. A method for the production of penicillin
ROBERT D. COGHILL.
comprising the cultivation of a penicillin-produc
ANDREW J. MOYER.

Control (untreated) __________________ ..

Cultures containing 0.08% phenylacetic

11

20

60

90

95

ing mold on an aqueous nutrient medium con

taining from 0.005 to 0.50 gram of phenylacetic
acid per 100 ml; of nutrient medium, and having 20
a pH of 4.6 to 8.0.

-
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